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ANTI-ROTATION FOR WIRE PROBES IN A
PROBE HEAD OF A DIE TESTER

FIELD

The present specification relates to the testing and sorting,
of semiconductor and micromechanical dies and, 1n particu-
lar, to a test probe head for testing equipment.

BACKGROUND

In the manufacture of microelectronic devices, such as
processors, controllers, and memory, the desired structures
are formed on a wafer. Individual dies are cut from the water
and then sealed 1nto a package. The package has an array of
pins, pads, or lands that make contact with the rest of the
device, typically through a printed circuit, board to allow the
die to be operated while within the package. Belfore pack-
aging, either as part of a waler or an individual die, each die
1s tested to determine whether 1t has been manufactured
correctly and operates as intended. In some cases, the dies
are also sorted based on performance.

To perform the tests, some dies have lands or pads
specifically designed into the die for test purposes. Pins or
probes are applied to the lands or pads and signals are sent
or received through the pins to test the die. For a more
complex die, more pins are used. Similarly for denser
circuitry on the die, the pins are closer together.

The test probes are attached to a substrate that holds each
probe 1n the proper position with respect to each other probe
so that when the tester 1s pressed against the pads on the die,
cach probe will contact 1ts respective pad. The probes are
resilient so that when the probes are pressed against the die
the pressure of the contact 1s determined by the resiliency of
the probe, not the pressure of from the test equipment. Each
test probe has a limited number of die tests that it can
perform, after which 1t must be replaced. The replacement
cost of each test probe 1s therefore a factor 1n the cost of die
manufacturing.

The substrate and the probes are typically separately
manufactured using a MEMS (microelectromechanical sys-
tems) process, or a process similar to how transistors are
made. Once the probes are made, they are assembled onto
the space transforming substrate.

The individual probes are each manually 1nserted into the
guide plate to contact the substrate. Each probe has a curve
in 1ts middle section so that when pressed against the die 1t
will bend. The probes must all bend 1n the same direction so
that they do not contact each other during use, possibly
creating connections that destroy the die or the probe.
Several thousand to tens of thousands of probes may be
placed 1into a guide plate to build one sort tester for a
microprocessor. This number 1s expected to increase as die
complexity and density increases from today’s probe counts.
The process 1s performed manually in part due the shape of
the probe. The central curve increases the complexity of the
probes being inserted 1n an automated process.

BRIEF DESCRIPTION OF THE

DRAWINGS

Embodiments of the mvention are illustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawings in which like reference numerals
refer to similar elements.

FIG. 1 1s partial side cross-sectional diagram of a test
probe head according to an embodiment of the invention.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 2 1s a perspective view of a portion of a probe wire
with protrusion features according to an embodiment of the
invention.

FIG. 3A 1s a perspective view diagram ol a probe wire
being inserted into a probe head according to an embodi-
ment of the mvention.

FIG. 3B 1s a perspective view diagram ol a probe wire
inserted mto a probe head according to an embodiment of
the 1vention.

FIG. 4 1s a perspective view diagram of stamping opposite
sides of a probe wire to create protrusion features according
to an embodiment of the invention.

FIG. SA 1s a perspective view diagram of stamping
opposite sides of a probe wire using stacked flat dies
according to an embodiment of the invention.

FIG. 5B 1s a top elevation view of stamping opposite sides
of a probe wire using stacked flat dies according to an
embodiment of the invention.

FIG. 5C 1s a side cross sectional view along line SC of
FIG. 5A of stamping opposite sides ol a probe wire using
stacked flat dies according to an embodiment of the mven-
tion.

FIG. 5D 1s a side cross sectional view along line 5D of
FIG. 5B of stamping opposite sides of a probe wire using
stacked flat dies according to an embodiment of the mven-
tion.

FIG. 6 1s a process tlow diagram of forming a probe head
according to an embodiment of the invention.

FIG. 7 1s a side cross-sectional diagram of testing equip-
ment using a probe head formed according to an embodi-
ment of the mvention.

DETAILED DESCRIPTION

A probe head of die sort tooling has a large number of
formed wire probes inserted into the holes of a probe holder.
Square wires may be inserted 1into square holes in the probe
head, but square wires are expensive to manufacture and
require precise alignment. Round wires are easier to manu-
facture and have a more stable and consistent structure. If
round probe wires are used with a round hole 1n the probe
holder, then the probe wires can rotate. Each wire may rotate

a diff

erent amount. This can create many 1ssues during and
alter the assembly of the probe head. A rotated probe wire
may cause interference with neighboring probes knocking
them out of position. A rotated probe wire may block access
to neighboring holes preventing additional probe wires from
being inserted into the other holes of the probe holder. The
location of a probe wire tip may also move when the wire 1s
rotated rendering the probe head useless

Mechanical keying may be used to limit or prevent the
rotation of the wires. Features on the probe body and the
probe holder may be made such that they interlock when the
probe body i1s 1nserted into the holder. By forming a keying
feature 1nto a substrate and a corresponding tab 1nto a wire,
round wires may be attached to a probe head without risk of
them rotating to collide with each other. This also allows
more probes to be attached in denser arrays at lower cost.
This approach drastically reduces the cost of test probe
arrays by allowing round wires to be used and decreases
assembly complexity providing a substantial reduction in the
cost of microelectronic device fabrication.

In some embodiments, the wires are inserted into holes 1n
a probe head and then soldered into place. After the solder
has solidified, the probe wires are securely held in place
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against rotation and against lateral movement. In this case,
any key feature 1s required only to hold the wire 1n place
until the solder hardens.

In some embodiments, the probe holder holes are filled
with a viscous fluid. The viscous force from the fluid creates
enough resistance to movement to prevent the probe from
rotating. However, the typical viscous fluid evaporates ofl
completely before the solder in the probe head reaches
retflow temperature. The probe wires are iree to rotate before
the retlow temperature and during the subsequent cool
down. As a result, the viscous fluid works only at relatively
low temperatures (~150° C. and lower). In addition, the
typical viscous tluid coats the body of the probe wire which
leads to preferential wetting of the solder onto the probe
body 1instead of onto a solder pad on the substrate. Mechani-
cal keying 1s effective across a wide temperature range.

FIG. 1 shows a probe test head with a space transformer
substrate 100, a probe holder 112 and fully formed test
probes 118. Only a few test probes are shown for simplicity.
A probe head may have hundreds or thousands of test
probes. Each probe wire has a similar central bend 119 to
provide a spring effect. This allows the probes to exert a
spring force against the die when the probe head 1s pushed
up against the die. It also allows each probe to independently
compensate for variations in distance between the substrate
and the respective die pad. Any non-uniformity in the
surface of either surface can be compensated. In addition 1f
the two parts are not precisely co-planar, that 1s if one side
of the die 1s closer to the substrate than the other, then the
probe tips are also able to compensate.

Each probe wire may be soldered to a corresponding
contact pad of the substrate 100, while the holder 112 helps
to prevent the wires from bending and from being pushed ofl
their solder connections. The gap between the substrate and
the holder may be filled in with a dielectric underfill 108.
The underfill turther secures the wires in place and 1solates
cach wire from the other.

The test probe design shows a balance between strength,
spring force and displacement under load. The probe tips
bend enough to allow all of the probe tips to make a good
contact with the die without requiring too much force and
without bending so much as to touch another test probe. The
arc shaped bend 119 shown in the figures provides a good
balance for a 10-25 um diameter wire and a lateral extension
for the bend of about 73-150 um. Depending on the par-
ticular wire shape desired the amount of bend, the thickness,
and the length of the probe test wires may be varied.

A variety of probe tip enhancements may be applied such
as tip shaping, plating, etc. The particular choice of tip
enhancements may be adapted to suit the particular form of
the die being used. For example, the tips of the test probes
may be exposed to laser oblation using a laser tool. This
provides a small precise electrical contact surface that 1s
well suited to mate with the dies. Each tip may have a point
to contact a die pad and an oblation area that leads to the rest
of the wire. The thicker body of the wire provides the
necessary strength and durability, while the point provides a
better tailored contact surface.

FIG. 2 shows detailed view of a single probe wire 118
with flanges 120 formed 1n a particular location along its
length and corresponding depressions. As shown, there 1s an
upper depression 122 and a lower depression (not shown)
and a flange on either side of each depression. If the flanges
are formed by compression, then dies may be used to
compress the wire material into the depression and drive
some of the material of the wire out to form the flanges.
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The flanges of FIG. 2 serve as interlocking features on the
probe body. The mterlock feature consists of four protru-
sions 120 on the probe body 118. In one example, the four
protrusions are about 25 um 1n height and extend 8 to 10 um
outward.

In FIG. 3A, the probe wire 1s inserted into an opening 1n
the probe holder 112. The opening 132 has been formed as
a round opening for the wire with keys 134 1n the form of
slots on four corners of the opening. The keys are sized 1n
order to correspond with and receive the protrusions 120 of
the wire. The interlocking key feature in the probe-holder
holes are shown 1n this example as slots. Instead of a circular
hole, the holes have two straight edges. The holes may be
formed by any of a variety of different machining processes
including photolithography with chemical etch and laser
machining.

As shown 1 FIG. 3B, when the flanges engage the slots,
the flanges prevent the wire from rotating. The amount of
rotation that 1s permitted by the flanges depends upon how
closely the shapes of the flanges match the shapes of the
slots. As shown 1n FIG. 3B, the key wires engage the key
hold to prevent rotation of the wire within the probe holder.

As shown, when the probe 1s inserted into the probe-
holder hole under nominal conditions, the protrusion 1s only
a few microns away from one of the straight edges of the
hole. Whenever the probe body 1s perturbed and starts to
rotate, one of the four protrusions comes into contact with
one of the straight edges of the hole. The resultant contact
force will generate a counter moment to prevent further
rotation of the probe.

In use, the wires will be pushed into and through the probe
holder to the substrate 100 where the end of each wire will
contact a corresponding pad on the substrate 100. The
flanges are formed 1n a location along the length of the wire
so that when the end of the wire contacts the pad, the flanges
will engage the slots 1n the probe holder. In some probe
heads, this distance 1s 100 to 150 um from one end of the
probe wire. Solder may be applied to the pad before the wire
reaches 1t and the probe holder holes 132 may be coated with
flux or solder or both.

The holes 1n the probe holder are positioned to align
precisely with test pads or locations on the die that 1s to be
tested. A larger number of holes will provide a larger number
of test points for more thorough testing of the die. The holes
may be as close as 100 um apart from center to center,
depending on the implementation. While the holes are
shown as having a regular pattern and even spacing, the
holes may be wrregularly positioned 1n order to mate with
designed test points on the device to be tested.

After all of the wires have been inserted, then the sub-
strate, probe holder and wires may be placed 1 a reflow
oven to melt the solder and electrically connect each wire to
its respective pad, however the invention 1s not so limited.
When the solder sets, 1t will also hold the wire 1 place.
While the solder 1s first melting and then cooling, the flanges
are able to hold the wire 1 place against rotation.

FIG. 4 1s a diagram of one way to form flanges or ribs on
a round wire. Two blocks 144 are used on each side of the
probe body 118 to pinch the probe body by striking the two
dies against it. When the blocks move inward, they punch
the wire and displace the material on the probe body forcing
it outward to form the protruding features (see e.g. FIG. 2).
The protruding features on the probe body protrude 1n a
direction perpendicular to the mmward moving direction of
the forming block.

The round wire 118 1s placed between a pair of dies 144.
The pair of dies are placed a pre-determined distance from
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the end of the wire. This position corresponds with the
position of the probe holder so that the flanges engage the
notches in the probe holder. The dies are driven together into
the wire to compress the wire and drive metal away from the
dies on either side of each die. Such a process allows a flange
to be formed on the wire in a small area of the wire. The

cross sectional view of the prove wire in FIG. 4 also shows
that 1n one example, the probe wire may have a solid spring
steel core 140 that 1s coated with a softer and more highly
conducting metal, such as copper, silver, gold, or any other
desired material. IT exposed, the coating provides a softer
and more conductive contact with a land or pad on the DUT
(Device Under Test). The coating also allows for the wire tip
to be sharpened by removing some of the coating.

FIG. 5A 1s a perspective diagram of an example of a
stamping die that may be used to create flanges on the probe
wires of the present invention by striking the wire. However,
the invention 1s not limited to die compression, punching, or
the particular plate stamping approach described herein. The
probe wire 118 1s brought between two sets of plates. A
middle plate 144 provides the stamping die or tool as shown
in FIG. 4. The maddle plate 1s sandwiched between an upper
plate 146 and a lower plate 148. The upper and lower plates
stiffen the middle plate and act as stops to limit the travel of
the two muddle plates. The middle plates are allowed to
travel into the probe wire for a distance limited by the other
two plates. This controls the size of the flanges and prevents
the wire from being inadvertently cut or weakened.

The three plates for each side may be attached by welding,
by rivets, bolts, or 1n any of a variety of other ways. A probe
forming machine may also have a system for driving the dies
into the probe wire, a probe wire holder and any of a varniety
of other structures. The probe forming machine may treat
cach wire individually or punch many wires simultaneously
with multiple set of dies. Additional processes may be
applied to the probe wires at the same time. The probe wires
may also be bent, sharpened, coated or formed 1n other ways
at the same time or in the same machine.

FIG. 5B 1s a top elevation view of a probe wire and the
probe forming plates of FIG. 5A. The wire 1s held 1n place
by any type of suitable holder (not shown). The middle
plates 144 are driven against the wire, until the upper plates
146 meet. The upper plates have an opening 150 that allow
the probe wire to extend through the plates after the plates
have come together.

FIG. 5C 1s cross-sectional side view of the probe wire 118
and the plates at the center of the wire . . . . The maddle
stamping plates press against the wire to create flanges as
shown 1n FIG. 2. The upper and lower plates do not touch
the wire due to the curve 150. To form the protruding
features, a composite wire 1s first inserted 1nto a probe body
pinching tool. When the wire 1s situated properly in the
forming block, the pinching tool 1s a pre-determined dis-
tance from the end of the wire. The dies are pressed into the
wire until the dies come to a hard stop. In this example, the
protrusions are pushed out to protrude on the probe body 1n
a direction perpendicular to the forming direction.

FIG. 5D 1s a cross-section side view of the plates at a
position removed from the wire. The plates are in the same
position 1 FIGS. 5A, 5B, 5C, and 5D. The upper 146 and
lower 148 plates are driven into contact so their ends are
abutting each other. The stops movement of the plates. The
middle plates 144, however, are not 1n contact leaving a gap
between the two plates. This gap 1s large enough to accom-
modate the wire and 1s the same distance as shown in FIG.
5C between the two middle plates.
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FIG. 6 describes a method of fabricating a test probe head
having a plurality of resilient test probes as shown above.
First at 61, protrusions are formed on each of a plurality of
wires. The protrusions are formed at a pre-determined
position along the length of each wire so that the features
will line up with the probe holder when the probe head 1s
assembled. The protrusions may be formed in any of a
variety of different ways including the transverse stamping,
shown above e.g. 1n FIGS. 4 and 5C. With the stamping
process two dies are simultaneously drive in to the wire to
form tlanges that protrude out on either side of each die.

At 62, a spring feature 1s optionally formed 1n each wire.
This may be in the form of the bend shown 1n FIG. 1 or 1n
any other desired shape or form, depending on the nature of
the wire, the DUT, the testing apparatus and the tests that are
to be performed. The ends of the wires may also be shaped
in any of a variety of diflerent ways. The ends opposite the
probe substrate may be shaped to form tips that better
contact the DUT. These contact ends may be shaped before
or after being inserted into the probe holder and attached.

At 63 a corresponding plurality of holes are formed 1n a
probe holder. Each of the holes has a key to mate with a
respective protrusion feature of a wire. The holes may be 1n
the form of squared-ofl edges as shown or 1n any of a variety
of other shapes designed to engage the protrusion features.
The 1llustrated holes have a slot at each comer to engage a
flange when the wire 1s mserted. The order of these opera-
tions of forming the wires and the probe holder may be
performed 1n any order and are not limited to the order
shown herein.

At 64, the wires are each 1nserted through respective hole
of the probe holder. They are pushed through until one end
of the wire contacts the contact surface of probe head
substrate. At this point the protrusions of the wires will
engage the keys of the probe holder to prevent the wires
from rotating. The wires may be rotated slightly to press the
protrusion 1nto the key and lock the wire 1 place.

At 65, the wires are attached to the surtace of the substrate
so that the wires operate as test probes. The wires may be
attached by soldering the wires onto pads of the substrate
using a reflow furnace. In some examples, the pads of the
test probe are paste printed with solder paste. The wire then
lands 1n the solder paste when 1t 1s inserted. The probe holder
may be coated 1n a rosin or other wetting fluid so that the
wire 1s wetted as 1t 1s mserted through the holder. Once the
wires are mserted, the whole assembly may then be placed
into the reflow furnace. The test probe head may be con-
nected to automated test equipment through the probe sub-
strate and the test probe head then pressed against a die for
testing.

FIG. 7 1s a an example of testing equipment capable of
using the formed test probes 118 and space transformer 100
in a testing probe head 260 to test and sort dies 250 of
various types. The space transformer 100 has a contact pad
array formed of the test probes as described above. The test
probes are arranged 1n a pattern to match with test sites on
the device under test 250, such as a die. The wire test probes
118 each have a lower end configured and arranged for
mating with a corresponding test pad 252 on the DUT 2350
to be tested. The test probes 118 have a pitch that matches
the pitch of the test pads 252 on the DUT 50.

A probe test head 260 carries the substrate and the test
probes on a testing PCB (Printed Circuit Board) 200, which
1s strengthened by stiflening hardware 226. A mounting ring
222 holds the testing probe head 260 supported by the
mounting ring to the PCB. A bottom side holder 224,
attached to the mounting ring, secures the substrate 100
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within the test head. The space transformer substrate 100,
which, as described above, may be a multi-layered organic
(MLO) or multi-layered ceramic (MLC) interconnect sub-
strate has a connection side 230 opposite the test probes.
This connection side 1s formed using pads that are created
when the substrate 1s originally manufactured. In the illus-
trated example, the connections are mm a BGA (Ball Gnd
Array) for mating with corresponding contacts on the PCB
220. The PCB then connects to ATE (Automated Test
Equipment) 228 which drnives the test and measures the
results through the test probes.

The example of FIG. 10 1s a generalized diagram of test
equipment to show a context for use of the test probes
produced as described above. The test probes may be used
in many other types of test equipment, depending on the
nature of the DUT and the type of test to be performed. The
test probes may also be used to test dies that are packaged
or dies that are packaged together with other dies.

It 1s to be appreciated that a lesser or more equipped
prober former plate, forming jig probe head and testing
apparatus than the examples described above may be pre-
terred for certain implementations. Therefore, the configu-
ration of the exemplary systems and components may vary
from implementation to implementation depending upon
numerous factors, such as price constraints, performance
requirements, technological improvements, or other circum-
stances.

Embodiments may be adapted to be used with a variety of
different probe wires, devices under test and space trans-
former substrates using various types of testing equipment
for different implementations. References to “one embodi-
ment”, “an embodiment”, “example embodiment”, “various
embodiments”™, etc., indicate that the embodiment(s) of the
invention so described may include particular features,
structures, or characteristics, but not every embodiment
necessarily includes the particular features, structures, or
characteristics. Further, some embodiments may have some,
all, or none of the features described for other embodiments.

In the following description and claims, the term
“coupled” along with 1ts derivatives, may be used.
“Coupled” 1s used to indicate that two or more elements
co-operate or interact with each other, but they may or may
not have intervening physical or electrical components
between them.

As used 1n the claims, unless otherwise specified, the use
of the ordinal adjectives “first”, “second”, *“third”, etc., to
describe a common element, merely indicate that different
instances of like elements are being referred to, and are not
intended to imply that the elements so described must be 1n
a given sequence, either temporally, spatially, 1n ranking, or
in any other manner.

The drawings and the forgoing description give examples
of embodiments. Those skilled 1n the art will appreciate that
one or more of the described elements may well be com-
bined into a single functional element. Alternatively, certain
clements may be split into multiple functional elements.
Elements from one embodiment may be added to another
embodiment. For example, the specific location of elements
as shown and described herein may be changed and are not
limited to what 1s shown. Moreover, the actions of any flow
diagram need not be implemented 1n the order shown; nor do
all of the acts necessarily need to be performed. Also, those
acts that are not dependent on other acts may be performed
in parallel with the other acts. The scope of embodiments 1s
by no means limited by these specific examples. Numerous
variations, whether explicitly given in the specification or
not, such as differences in structure, dimension, and use of
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material, are possible. The scope of embodiments 1s at least
as broad as given by the following claims.

The following examples pertain to further embodiments.
The various features of the different embodiments may be
variously combined with some features included and others
excluded to suit a variety of different applications. Some
embodiments pertain to an apparatus with a plurality of
probe wires, each wire having a protrusion at a pre-deter-
mined position along the length of the wire, a probe sub-
strate having a plurality of pads on one side each to attach
to and electrically connect with a probe wire and a plurality
of plurality of pads on the opposite side to connect to test
equipment, and a probe holder above the substrate having a
plurality of holes, each hole to hold a respective one of the
plurality of probe wires against the probe substrate, each
hole also having a key to mate with a protrusion of a
respective probe wire so that the protrusions engage the keys
to prevent rotation of the respective wire.

In some embodiments, the probe holder 1s above the
carrier by a distance corresponding to the pre-determined
position of the protrusion along the length of each wire. The
protrusion comprises four tlanges for each wire, each flange
being on one of four opposing corners of the wire and

wherein each hole has a corresponding key 1n the form of a
slot at each of four comers of each hole. The wires are
attached to the probe substrate by being reflow soldered to
cach respective pad. The flanges are formed by stamping the
wire on two sides.

Some embodiments pertain to a die test system for testing
semiconductor dies using a probe head. The system has a
testing probe head having a plurality of probe wires, each
wire having a protrusion at a pre-determined position along
the length of the wire, a probe substrate having a plurality of
pads on one side each to attach to and electrically connect
with a probe wire and a plurality of pads on the opposite side
to connect to test equipment, and a probe holder above the
substrate having a plurality of holes, each hole to hold a
respective one of the plurality of probe wires against the
probe substrate, each hole also having a key to mate with a
protrusion of a respective probe wire so that the protrusions
engage the keys to prevent rotation of the respective wire.
The system also has a stiffened board to carry the testing
probe head, a clamp to hold the testing probe head against
the stiffened board, and automated test equipment connected
to the probe substrate to drive a test and measure the results
through the test probes.

In some embodiments, the probe wires are laser ablated
alter being formed. The probe wires are bent to provide
resiliency 1n use. The probe wires are soldered to the pads of
the probe substrate.

Some embodiments pertain to a method of fabricating a
test probe head having a plurality of resilient test probes. The
method includes forming protrusions on each of a plurality
of wires at a pre-determined position on each wire, forming
a corresponding plurality of holes 1 a probe holder, each of
the holes having a key to mate with a respective protrusion,
inserting each of the plurality of wires through a respective
hole of the probe holder to contact a surface of a probe head
substrate near the probe holder so that the protrusions
engage the keys to prevent rotation of the respective wire,
and attaching the wires to the surface of the substrate so that
the wires operate as test probes.

In some embodiments, attaching the wires comprises
inserting the wires to contact a solder ball on the probe
substrate and passing the substrate and the plurality of wires
through a reflow furnace to solder the wires to the substrate.
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Some embodiments include shaping the ends of the wires
before inserting the wires through the probe holder. Some
embodiments include bending each of the plurality of wires
to form a spring before inserting the wires through the probe
holder.

In some embodiments, forming protrusions comprises
stamping each wire with a flat die. Stamping comprises
using two dies on opposite sides of the wire and simulta-
neously striking the wire on opposite sides of the wire.
Forming protrusions comprises punching each wire simul-
taneously on opposite sides of the wire to compress the wire
and drive the matenial of the wire out to form longitudinal
flanges. Forming the plurality of holes comprises laser
machining round holes with a slot at each of four opposing
corners of the hole. Inserting the wires comprises driving the
wires through the probe holder and applying a rotation to
engage the protrusions 1n the slots.

What 1s claimed 1s:

1. An apparatus comprising: a plurality of probe wires
cach wire having first end to contact a die under test and a
second end to attach to a probe substrate each wire having
a protrusion at a pre-determined position along the length of
the wire, the position being displaced from either end of the
wire;

a probe substrate having a plurality of pads on one side
cach to attach to and electrically connect with the
second end of a respective probe wire and a plurality of
plurality of pads on the opposite side of the probe
substrate to connect to test equipment; and

a probe holder above the substrate having a plurality of
through holes each hole to hold a respective one of the
plurality of probe wires against the probe substrate,
cach through hole also having a key to mate with a
protrusion ol a respective probe wire so that the pro-
trusions engage the keys to prevent rotation of the
respective wire.

2. The apparatus of claim 1, wherein the probe holder 1s
above the probe substrate by a distance corresponding to the
pre-determined position of the protrusions along the length
ol each wire.

3. The apparatus of claim 1, wherein the plurality of
protrusions comprise four flanges for each wire each tlange
being on one of four opposing corners ol the wire and
wherein each hole has a corresponding key 1n the form of a
slot at each of four cormers of each through hole.

4. The apparatus of claim 1, wherein the wires are
attached to the probe substrate by being reflow soldered to
cach respective pad.

5. The apparatus of claim 1, wherein the flanges are
formed by stamping the wire on two sides.

6. A die test system for testing semiconductor dies using
a probe head the system comprising:

a testing probe head having a plurality of probe wires each
wire having first end to contact a die under test and a
second end to attach to a probe substrate each wire
having a plurality of protrusion at a pre-determined
position along the length of the wire the position being
displaced from either end of the wire, a probe substrate
having a plurality of pads on one side each to attach to
and electrically connect with the second end of a
respective probe wire and a plurality of pads on the
opposite side of the probe substrate to connect to test
equipment, and a probe holder above the substrate
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having a plurality of holes each through hole to hold a

respective one of the plurality of probe wires against

the probe substrate each through hole also having a key

to mate with a protrusion of a respective probe wire so

that the protrusions engage the keys to prevent rotation

of the respective wire;

a stiffened board to carry the testing probe head;

a clamp to hold the testing probe head against the
stiffened board; and

automated test equipment connected to the probe sub-
strate to drive a test and measure the results through
the test probes.

7. The system of claim 6, wherein the probe wires are
laser ablated after being formed.

8. The system of claim 6, wherein the probe wires are bent
to provide resiliency in use.

9. The system of claim 6, wherein the probe wires are
soldered to the pads of the probe substrate.

10. A method of fabricating a test probe head having a
plurality of resilient test probes, the method comprising:

forming a plurality of protrusions on each of a plurality of

wires at a pre-determined position on each wire each

wire having first end to contact a die under test and a

second end to attach to a probe substrate the position

being displaced from eirther end of the wire;

forming a corresponding plurality of through holes in a
probe holder each of the through holes having a key
to mate with a respective protrusion;

mserting each of the plurality of wires through a
respective through hole of the probe holder to con-
tact a surface of a probe head substrate near the probe
holder with the second end of each respective probe
wire so that the protrusions engage the keys to
prevent rotation of the respective wire; and

attaching the wires to the surtace of the substrate so that
the wires operate as test probes.

11. The method of claim 10, wherein attaching the wires
comprises 1nserting the wires to contact a solder ball on the
probe substrate and passing the substrate and the plurality of
wires through a reflow furnace to solder the wires to the
substrate.

12. The method of claim 10, further comprising shaping
the ends of the wires belfore iserting the wires through the
probe holder.

13. The method of claim 10, further comprising bending
cach of the plurality of wires to form a spring before
iserting the wires through the probe holder.

14. The method of claim 10, wherein forming protrusions
comprises stamping each wire with a flat die.

15. The method of claim 14, wherein stamping comprises
using two dies on opposite sides of the wire and simulta-
neously striking the wire on opposite sides of the wire.

16. The method of claim 10, wherein forming protrusions
comprises punching each wire simultaneously on opposite
sides of the wire to compress the wire and drive the material
of the wire out to form longitudinal flanges.

17. The method of claim 10, wherein forming the plurality
of holes comprises laser machining round holes with a slot
at each of four opposing corners of the hole.

18. The method of claim 17, wherein inserting the wires
comprises driving the wires through the probe holder and
applying a rotation to engage the protrusions in the slots.
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